
1/22/14	
  

1	
  

Overview of  the Drosophila 
modENCODE hybrid assemblies 

Wilson Leung  01/2014 

Agenda 

!   Overview of  the modENCODE species 

!   Problems with the version 1 genome assembly 

!   Improvements in the version 2 genome assembly 

!   Pipeline used to create the sequence improvement projects 

!   Sequence improvement goals for hybrid assemblies 

New Drosophila species sequenced by 
the modENCODE project 

D. melanogaster 
D. simulans 
D. sechellia 
D. yakuba 
D. erecta 
D. ficusphila 
D. eugracilis 
D. biarmipes 
D. takahashii 
D. elegans 
D. rhopaloa 
D. kikkawai 

D. ananassae 
D. bipectinata 

D. pseudoobscura 
D. persimilis 
D. willistoni 
D. mojavensis 
D. virilis 
D. grimshawi 

Reference 
Sequence improvement 
projects for 2014-2015 

New Drosophila species 
sequenced by modENCODE 

Phylogeny from the modENCODE white paper (produced by Artyom Kopp at UC Davis)  

The Drosophila modENCODE 
sequencing project 

!   Selected 8 additional Drosophila species for sequencing 
based on the ideal evolutionarily distances for motif  finding 

!   Sequenced and assembled by the Baylor College of  Medicine 
Human Genome Sequencing Center (BCM-HGSC) in 2011 

!   BCM-HGSC also produced RNA-seq data for each newly 
sequenced species 
!   Adult males, adult females, and mixed embryos 

!   Initial assembly based on only 454 reads 
!   ~45x coverage 

!   15x unpaired reads with 454 XLR 

!   30x paired end sequencing of  3kb and 8kb inserts 

 

Version 1 assembly statistics 

!   D. biarmipes has the highest N50 among the 8 species 
!   N50 = Total size of  scaffolds this size or larger that account for half  of  

the total length of  the entire assembly 

!   Quality of  the D. rhopaloa assembly is much lower than the 
other 7 genomes 

Error profile for 454 reads 

Gilles et al. Accuracy and quality assessment of  454 GS-FLX Titanium 
pyrosequencing. BMC Genomics 2011, 12:245 

!   Length of  each 454 read 
depends on the number of  
cycles and base 
composition of  the read 

!   Generally trim the end of  
454 reads because they are 
low quality 

!   Most of  the remaining 
errors are base insertions 
or deletions (indels) 
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Indels error profile for 454 reads 

!   454 sequencing technology has high error 
rates in long (> 5bp) mononucleotide runs 
!   See the Next Generation Sequencing video on 

the GEP web site for details 

!   Base insertions or deletions in the 
consensus sequence could cause frame-
shifts and introduce in-frame stop codons 
within coding regions 

Luo et al. Direct Comparisons of  Illumina vs. Roche 454 Sequencing 
Technologies on the Same Microbial Community DNA Sample. PLoS One. 
2012;7(2) 

blastx alignment of  
D. melanogaster CDS 
Thd1:1_1636_0 
against D. biarmipes 
contig32 

Frame shifts introduced by base 
deletions in the consensus sequence 

Version 2 D. biarmipes assembly 
published by BCM-HGSC in 2013 

Assembly statistics for version 2 of  
the D. biarmipes assembly 

Version Total 
Length 

Scaffold 
Count 

Total Gap 
Length 

Scaffold 
N50 

Spanned 
Gaps 

Version 1 169,375,387 5,528 787,648 3,385,622 2,336 

Version 2 169,378,599 5,523 776,791 3,386,121 2,333 

Difference 3,212 -5 -10,857 499 -3 

New assembly did not significantly change the overall assembly statistics 

D. biarmipes Muller F element scaffold scf7180000301495 (version 2) 

Net alignment between the two assemblies show large number of  differences 

Genes 

Differences 
with version 1 

Most of  insertions in the version 2 
assembly are A’s and T’s 

!   Estimated total number of  insertions: 27,345  
!   Number of  insertions less than 10bp: 26,884 (98.3%) 

Insertion 
Size 

Count 

1 26,091 

2 709 

3 54 

4 9 

5 10 

The new hybrid assembly fixed 
many errors in the consensus  

Version 1 

Version 2 
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Some problems remained in the 
new D. biarmipes assembly 

Statistics on D. biarmipes CDS’s 
with potential consensus errors 

!   Identify overlapping and partial CDS alignments 

!   Number of  CDS’s with potential consensus errors 
!   Entire version 2 assembly: 309 CDS’s (250 genes) 

!   Muller F element scaffolds: 7 CDS’s (7 genes) 
!   CG2316, CG33521, MED26, Thd1, bip2, eIF4G, plexB 

Use Consed to examine regions with 
potential consensus errors 

Reference 

Custom 
Track 

Illumina 
and 454 

Reads 

Pipeline used to construct the 
sequence improvement projects 

!   The version 2 assembly is constructed using a custom 
pipeline developed by BCM-HGSC 
!   No read placement information available for hybrid assemblies 

!   Download raw data from the NCBI Sequence Reads Archive 
(SRA) and map these reads against the version 2 assembly 
!   Map Illumina reads using bowtie2 

!   Map 454 reads using Newbler 

454 Coverage 

Illumina Coverage 

Genes 

D. biarmipes Muller F element scaffold: scf7180000301495  

Construct Consed project package 

!   Identify Muller F and Muller D element scaffolds  
!   ~95% of  the genes remained on the same Muller element across the 

different Drosophila species 

!   Partition Muller F and Muller D element scaffolds into 100kb 
chunks (with 10kb overlap) 
!   Extract 454 and Illumina reads mapped to each chunk using samtools 

!   Construct Consed project packages 
!   Create initial ace file using consensus sequence of  the extracted region 

from the version 2 assembly (ref_<project>.fasta) 

!   Use cross_match to map extracted 454 reads against the consensus (ace.1) 

!   Use cross_match to map extracted Illumina reads against the consensus 
(ace.2) 

Order genomic DNA for PCR reactions 

!   Genomic DNA are available at the UC San Diego Drosophila Species 
Stock Center (https://stockcenter.ucsd.edu) 

!   Chris can send you the genomic DNA if  you would like to do the 
sequencing reactions in class as part of  a wet lab 
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Sequence improvement goals for 
hybrid assemblies 

!   Primary goal: Correct errors within mononucleotide runs 

!   Secondary goal: Close gaps and correct regions with low 
consensus quality 

!   Optional goal: Identify regions with putative polymorphisms 

!   Recommended protocols and training materials for improving 
hybrid assemblies available on the GEP web site under the 
GEP Sequence Improvement Projects Issues section 

Questions? 

http://www.flickr.com/photos/omcoc/6751047205/sizes/l/  


